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TESTS TO DETERMINE EFFECTS (OF SLIPSTREAM ROTATION
ON THE LATERAI: STABILITY CHARACTERISTICS CF A
SINGLE-ENGINE LOW-WING ATRPLANE MODEL

By Paul E. Purser and Margaret.F. Spear

SUMMARY

Tests have been made of a %‘-scale powered model of a single-

engine low-wing airplene with three propeller-blede settings and
three values of tail length to provide informetion on the effects
of slipstream rotation on the directionsl stebility and control
characteristics of single-engine airplanes,

Egtimates of lateral-force, rolling-moment, and yawing-mament
coefficlents due to slipstream rotation at zero pitch and yaw with
flaps retracted were obtained from calculated slipstream character-
istics and were found to compare favorably with test values except
in cases for which the vertical taill is very near the effective
edge of the displaced slipstrean.

Analysis of the test resulis indicated that the slope of the
yawing-moment curve abt -zero yaw decreased genserally with the use
of higher propoller blade engles (or torque coefficlent), probably
because the greater twist in the slipstream caused the vertical
tall to stall at emaller positive angles of yaw and because of an
increesing lateral displacement of the slipstream with increasing
torque coefficient. The slope of the yawing-moment curve near
zero yawlng moment is probably a better indication of the directional
8tability under trim conditlons. This slope increased with tail
length and varied relatively little with changes in blade angle.

In general, the effective dihedrasl was the same for blade
settings of 15° and 25° and emaller for the 35° setbting.

The slope of the curve of lateral force against angle of yaw
increased with blade angle and tall length for the model with tail
off., With tall on, however, change of blade angle had a negligible
effect on this parameter.
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The angle of yaw at vwhich rudder lock occcurred did not vary
congistently with blade angle, torgue coefficient, nor ths value’
of yawing-moment coefficlent at zero yaw, and thus indicated a
neceosslty for using the full-.scale thrust-torque relationship in
wind-tuwrmel tests made for determining the angle of yaw et which
rudder lock occurs.

Rudder-teb setting hed a small effect on the angle of yaw et
vwhich rudder lock occurred for the normal fuselage and the effect
wae not consistent for the different values of blade metting.

INTRODUCTION

The NACA has undertaken a study of the problems of obtalning
adequate stabillty and control in climbing fiight for high-
performance single-engine alrplanes.

Among the stabllity and conbrol problems existing in power-on
flight are those of obtaining adequate rulder and aileron control
for trim at low speeds and of preventing rudder lock (rudder-force
reversal). As a sbart toward the solution of these particular
problems a general series of wind-tunnel btests has been made of a
typical single-senglne airplane modol equipped with a single-rotating
propeller. Tests were made in the Langley T- by 10-foot tummel at
three values of tall length and three values of blade angle for a
thrust coefficient simulating the high-power climb condition. The
primary purpose of these tests was o provide data with which to
egtablish the validity of present methods for computing the oub-of-
trim forces and mamemts produced by propeller operation through the
actlon of the slipstream on the vertical tail. A socondary purpose
wag to determine the effects of nolt using the full-scale thrust-
torque relationship and rudder-trim-tadb setting in wind-tunmmel tests
made to determine the angle of yaw at which rudder lock will occur
on the airplane., The present paper reports these tests and the
analyses made for comperison with the test data.

COEFFICIENTS AND SYMBOLS

The results of the tests are presentod as standard NACA coef-
ficients of forces and moments, Rolling-., yawing-, and pitching-
moment coofficients are glven about the centor-of-gravity location
ghown in figure 1 (28.2 percent of the mesn sercdynamic chord).
The data are referred to the stability axes, which are a system
of axes having its origin at the center of gravity and in which
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the Z-axls 18 in the plane of symmetry and perpendicular to the
relative wind; the X-axis is in the plane of symmetry and per-
pendicular to the Z-axis; and the Y-axis 1s perpendicular to the
plane of symmetry. The positive Glrections of the stability axms,
of angulsr dlsplacements of the alrplane and conbtrol surfaces, and
of hinge moments sre shown in figure 2.

The coefficients and symbols are defined as follows:

oy, 116 coefficient (Iij:ﬁ)
qS
1 1ift
CLv 1ift coefficlent of imolated vertical tail Tail 1176
aS,
Cx longitudinal-force coefficient’ (?&S.)
o
CY lateral-force coelficlent ( >
Cqy rolling-moment coefficient (-*—-)
C 3 !
n pitchlng-moment coefficient { —
aSc?
Cn yaving-moment coefficient (-—I—T->
gshb
cq gection 1ift coefficient (L>
gae
da
cd_o gectlion drag coefficlent | —
gc
T.! effective thrust coefficient based on wing area (?__eﬁ_._f‘)
Q
T
Cp thrust coefficient
on2pt

Q! torque coefficient based on wing area and span (—%)
Q:



V/aD
dCp/ax
acq/ax

Lift = -2
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M-W——-)

=
L—-—v—n‘—J

o
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Teff
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torqus coefficient 2 =
pnZp>

propeller advance-diamebter ratio -
diffevential thrust cosTficlent
differential torgue coefficlent

(:Teffv
rropulsive efflclency \ ——
? 2mQ

hinge moment, foot-pounds

forces along axes, pounds (see fig. 2.)

moments about axes, pound-feet (see fig. 2.)

blade section 1ift, pounds

blade section profile drag, powds

propeller thrust, pounds

propeller effective thrust, pounds

propeller torque, pound-feet

free-stream dynamic pressure, pounds per square foob
(sv2/2)

effective dynamic pressure at tail, pounds per squarae
Foot

dynemic pressure behind the propeller, pounds per squars
foot

ving area, square feet (9.40 on model)
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\n

S, vertical-tail area, square feet (1.25 on model)
c airfoll section chord, feet
c average airfoil chord, feet
b/2
ct mean serodynamic chord (M.A.C.), feet -2—- ¢2 dab
U0
b, span of verticel tall, feé‘b
b wing span, feet (7.509 on model)
J
bv /2 gpanwise station of verbica?. tall
L, dimensionless quantity representing the additional 1ift at
any point slong the span of an airfoll
A agpect ratio
2= tall length measured from center of gravity to quar'iser-chord
point of vertical-tall mesn asrodynemic chord

v alr veloclity, fesl per second

propeller diameﬁer, feet (2.27 on model)
n propeller speed, revolubtlons per second
r radius to any propeller blade element
R propelier tip radius
x radial location of blads element (r/R)
- Xg chordwise location of propeller-blade maximm thickness
P mass density of alr, slugs per cuble foot
o angle of attack of thrust line, degrees

O angle of attack of vertical-tail chord, degrees
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¥ angle of yaw, degrees

angle of twlst 1n propeller slipstream, degrees

ig angle of stabilizer setbting wlth respect to thrust line,
degrees; pcsitive when trailing edge 1s dowm

& control-surface deflection, degrees

B propeller blade angle at 0.75 radius, degroes
) propeller blade angle at radius r, degrees
Subscripts:

e elevator

a gileron

r . . rudder

Y rvdder tab

v vertical teil -
t velues of force and moment coefflclents provided by the tall
s partial derivative of a coefficient with respect to yaw
example: czq,: i?l |
o
o partial derlvative of a coefficlent with respect to angle of

-
Y

attack {example: Cr = %

MODEL AND APPARATUS

The model used wes constructed with three interchangeable
fuselage blocks in order to permit tests of three values of tall
length (short, normal, and long). When arranged for the normal-

tail configuration 1t is a -;.-scale model of a 37.5-foot-spen single-
ongine low-wing airplane, The general physical characteristice of

ha
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the normal model are given in tables I and II. Three-view drawings
of the model and photographe showing the model mounted in the
Langley 7- by 10-foot tunnel (reference 1) are showii in figures 1
and 3, respectively. '

The fuselage blocks for the short- and long-tall conflgura-
tions were developed by maintalning the seme ordinates as for the
normal fuselage but the stations behind a point 30.1 inches behind
the propeller center line were contracted or expanded to provide
the required change in length,

Dimensions of the imsolated vertical taill which was tested in
the Langley 4- by 6-foot vertical tunmel (reference 2) are given in
figare 4({a) and the test setup is shown in figure 4(b).

Power for the model was obtained from a 56-horsepower electric
motor, the speed of which was determined from an electric tachometer
which is accurate to within +0.2 percent. The three-blade pro-
peller used was supplled with the model by the Bureau of Aeronautics,

Navy Department and appeared to be a -;'--scal,e model of an Aeroproducts

model no. A-20-156 reduced to 13.6-inch radius by removing 3 inches
from the tip and adding 1 inch at the root. Blade-form character-
is’oigs measured from the model propoller are presented in figures 5
and 6.

TEST AND RESULTS

Test Conditions

Tho tests of the complete model were made in the Langley 7-
by 10-foot tunnel at a dynamic pressure of 4,09 pounds per equare
foot, which corresponds to an airspsed of about 4O miles per hour.
The test Reynolds number was about 500,000 based on the wing mean
aerodynemic chord of 1.31 feet. Because of the turbulence factor
of 1,6 for the tunnel, the effective Reynolds numbor {for maximum
11ft coefficients) was about 800,000.

Tho tests of the isolated vertical taill were made in the
Langley 4- by 6-foot vertical tunnel at a dynsmic pressure of
15 pounds per squere foot, which corresponds to an alrspecd of about
76 miles per hour. The test Reynolds number was about T4O,000 based
on the tail mean aerodynamic chord of 1.03 feet, Because of the
turbulonce factor of 1,93 for the tunnel, the effective Reynolds
number (for maximum 1ift coefficients) was about 1,428,000,
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Corrections
All the completo-model data have been corrected for tares
caused by the model support strut. Jet-boundary corrections have
been spplied to the angles of atback, the longltudinal-force coef-

ficlents, and the taill-on pitching-momen’c coefficients., The correc-
tions were computed as follows by use of reference 3:

Ag = 1,06507,
Aoy = -0,0157C;2

For the short tall

0.18k
Moy = -T7.74C -116(
L\ Jap/a ) 3y

For the normsl tail

MOy = =7.740L, %—i—% -1 165 o

For the long tall

N

where Aa. is in degrees., All Jet-boundary correctlons were
added to the test data,.

The 1ift coefficients of the lsolated vertical tail have bsen
corrected for tares caused by the model support strut., Jet-
boundary corrections derived in a manner similar to that used in
reference 4t have been applied to the angles of attack as follows:

Amv = O.TlCLv

whore &« 18 in degrees and was added to the test angle of atback.

Test Procedurec

Propeller calibrations were made by measuring the longitudinsl
force of the model with flaps and landing gear retracted and tail
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off at an angle of abtack of 0° for e range of nropeller speed for
values of propeller blade setting B of 15°, 259 , and 359, Thrust
coefflicients were determlned fram the relation

' = C ~C
To X@ropeller operating Xpropeller removed

The torgue coefficients were computed by use of a celibration of
motor torque 23 a function of minimm current. The resulits of the
model propeller calibrations are presented In figure 7.

Power-on yaw tests were made at approximately O° angle of
attack and with flaps retracted for each prcpeller blade setting at
a value of T, of about 1.25, which carresponds to about 1500 horse-
power Tor a 37.5-foot-span full-.scale airplane at a 1lift coefficlent
of 2,5 for a wing loading of 31.25 pounds per square foot, Figure 8
presents a plot of the horsepower represented for various wing loadings
and model scales. The tests weore made with the rudder fixed at zero,
rudder free with tab set at 0° and 20°, and tall off.

Presentation of Results

An outline of the figures presenting the resulis of the tests
and =nalyses follows:

Figure

Slipstream characteristicss
Estimated blade section 1ift and drag characteristics . . . . . 9
Computed propeller thrust and torque distributions . .. . . 10
Dynamic-pressure ratios and rotation distributions
behind the Propeller . o « v « ¢ « 2 o o « ¢ ¢ o« ¢ o o « o 21

Lift curve of tho isclated vertical $ail . . . ¢ ¢ ¢« + ¢ « o « » 12

Comparison of camputed and test values of force and
moment coefficlents . + ¢ v« & ¢« 4 ¢ 4 e 6 4 4 i e e e e e s o 13

Complete-model test datat
Short tail ... ., . .
Wormal tail . . . . . .
Long $all . . . . . . .

15

« & o
* e o
. e e
« o 8
<4 - L]
a o o
a w o
s e e
e s a
. e »
"= s
. o o
e & »

Y

.

-

.

.

.
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COMPUTATTION FPROCEDURES

Slipstreem

In order to aid in the analysis of the test results, the
distributions of thrust, torque, and slipstream rotation along the
propeller blade were computed by means of methodz outlined 1n .
reforences 5 to 7. The lift and drag characteristics of the pro-
peller blade.sections were estimated fram the moasursd values of
thickness h/'b, position of maximum thickness xy, trailing-ecdge
angle (J, maximum camber m, and position of maximum camber P
(figs. 5 and 6) by use of the data in references 8 to 10. The
blade section 1ift and drag characterlstics are presented in
figure 9 and the compubed values of thrust gnd torque dlatributions
along the propeller blade ‘are presented in figure 10(a). The
compubed thrust distributlons were adjusted by the ratlo of the
measured values of Cp +to the computed values of Cp and the
canputed torque distribubions were adjusted by the ratio of the
measured values of Cq to the campubed values of Cq. Adjusted
values are presented in figure 10(b). Dynamic-presgure ratios and
glipstream-rotation dilstributions computed from the adjusted values
of dCp/déx and dCq/dx are presented in figwre 11, Those results
represent distribution values immediately behind the propeller,

Vertical-Tgll Iift

It has been estimated (reference 11) that a wing behind the
propeller may diminish the angle of twlst in the slipstream by
50 percent. Eence the angle-of-attack dlstribution for the vertical
tail was asswied to be one-half the distribution of-slipstream twist

behind the propoeller (that is, o; = -2~\JB>.

For a flrst approximation, a curve was drawn having ord.inates

at each spanwise station g ; of
b,/2
cg . :
g Ol (1)



NACA TN No. 1146 11

where czav is the section lift-curve slope. Since downwash tends

to make the 1ift distribution assume an elliptical shape (refer-
ence 12), the ordinates of this curve were averaged with the
ordinates of a semiellipse having the same total area under the
curve, In order to obtain a curve having ordinates representing
some known gquantity, the ordinates of the average cuxrve weore reduced
so that the area undesr the curve was 2., The ordinates of the
resulting curve were then designated L, (reference 13), which

cclh

corresponds to v because it can be shown that
L
1.0
L, a—Y—= 2,0 (2)
[2) d- = .
-1.0 by/2

The values of Ly were then used in a second approximation to the
1ift coefficient according to thoe relabtion

oL, CLavf Lamv'—d v/2 (3)

vhere cLuv is the lift-curve slope of the isolated vertical tall

moasured from figure 12. The data for the isolated vertical tall
were used because tests showed that for this configuration the
addition of the horizontal tall did not incrsase the lift-curve
slope of the vertical tail. This result is probably due to the
cancelation by. mutual interference of any small effect that might
be expected from the relatively high location and narrow chord of the
horizantal tail.

Curves obtained frdﬁ equation (3) wore integrated to obbtain
the values of tall 1ift coefficlent.

In order vo make some sllowance for change in dynamic-pressure
ratio between the region directly hehind the propelier and the
region around the vertical tail, the propeller—-siipstream flow was
considered comparsble to flow in an axlally symmetrical heated Jet
of alr. On Pigures 9 to 12 of reference 14, a line was drawn %o
represent the span of the vertical tail as 17.8 percent greater
than the radius of the jet. (The span of the vertical tail is
17.8 percent greater than the radius of the model propeller.) Iach
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veloclity-ratio area within this line and outside this line was
neasured., The square of the ratio of the total area to the area
within the line was computed and plotted against longitudinal
traverse. The resulting valuss of this rabtio were 1.07, 1.12,

and 1.20 for the short, normal, and long tails, respectively.

Each vertical-tall 1ift coefflicient was divided by these values to
obtain the final values of CLy. No attempt was made to account for

changes in the twist or twist distribubion caused by spreading of
the slipstream,

Forces and Moments Contributed by the

Vertical. Tail and the Slipstresm

Lateral force.- Lateral-force coefficients due to 1ift on the
vertical tail in the slipstream at zero yaw OYt ware computed

for the three test blade angles and three tall lengths as

0L, Sy i
th = S

Taving moment.- Yawing-manent coefficlents produced by 1lift
on the vertical tail in the slipstrean at zero ysw Cn-b were

camputed for the various blade angles and tail lengths as

Cog = -~

Rolling moment.- The tail-off rolllng-mgment cogfficient at
Zero yaw (G‘z1 was computed as -—Qc on the assumptlion

CDtail off
that the wing absorbed 50 percent of the slipstresm rotation. (See
referenco 11.) The increment of rolling-moment coefficlent due to
1ift on the vertical tall was obtained by graphical integration of
the computed vertical-tall 11t distribution (moments measurced
about line through center of gravity, parallel to thrust line).

This increment was added to the computed tail off value for the
tail-on rolling-moment coefficient.

No satisfactory method waes found for ostimating fail-off
values of lateral-force and yawlng-moment coefficlents at zoro yaw.
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The oub-of-trim velues of Cy are relatively unimportant, howsver,
gsince they correspond to rather small angles of bank. The out-of-
trim tail-off values of Cp, although small for the model as tested,

can be fairly large when the flaps are deflected. Consequently, for
the flap-down conditions, the yawing moments induced by the slip-
stream scting on the flaps should be consldered.

DISCUSSION

Comparison of C_omputeé. and Me;a_swed’Coefficien'bs

FPorce and moment ccefficients measured at zero yaw were taken
from test data presented in figures 1k to 16.

Computed values of lateral-force cosfflicient are presented in
figure 13 and camparsd with the test values. The test values
generally agreed with the computed valuee within 10 to 15 percent
except for the case of the long tail with B = 35°, The disagree-
ment is probably a result of the nearnoss of the tail to the edge
of the slipstreem which was laterally displaced by the action of
the wing in shearing the rotating stream. This displacament wis
necessarily noglected 1n the computations.

Computed valves of yawing-momont coefficlent produced by
vertical-tail 1ift Cnt are presented in figure 13 and campared

with values of (Cnt)! o moasured from test data. The greabest

disagreement occurred at B = 35° for the long fuselsge, the test
velue belng sbout 30 percent smaller than the computed value, This
difference also is probably causéed by the latoral dlsplacemont of
the slipstream.

Rolling-moment coefficients from camputations and from test
results are compsred in figure 13. Since tocgt values of

(CZ { ) vary from 50 to 60 percont of the torgue coeffi-
¥=0/ tail off

ciont Q,*, the emount of slipstream twist absorbed by the wing-

fugelage combination was cverestimated in the compubations; thus,

tost values for tail-off rolling-momont coefficient were more negative
than eostimated values. Slightly better agreement might have boon
obtalned had some attempt been made to compuvie the span loading
induced by the slipstresm Iinstoad of using the simpler relabion of

%Q,c'. The increment of rolling mament due to the tall was undoer-

egtimated; therefors, tost values of tail-on roliing-moment
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coefficients were less mnegafive then computed valuss. One reason
for the difference may be the effect of the horizontal tail in
producing a positive relling moment; this effect was neglected in
computations, -

For most models at zero pitch and yaw a typlcal value
of 9Cy/08g would be about 0.002. About 16° total aileron deflec

tion would thus be required to trim out the rolling chment onr the
complete model with the propeller operating at B = 35°, In cesos
for which the alleron power appears to be marginal it would be wise
to make more accurate estlimations of the rolling moment.

It mey be concluded, from the foregoing discussion, that
reagonably accurate estimates of lateral force and rolling and
yawing moments lnduced by the slipstream at zero pltch and yaw
with flapa retracted may be made by using existing meothods of
analysis except in cases for which the slipstreem is displaced
laterally far enough to cause its effective edge to be very near the
vertical tail,

Stability

Directional stability.- Values of Cpu 8t Ch=0 and at VY= 0

measured from flgures 1u(b), 15(b), and 16(b), are presented in the
following table:

B = 15° B = 25°. B=35°
Tall length
¥V=0 Ch=0 | V=0 Ch=0 | V=0 Cp =0
Short -0.0013 | -0.0025 |-.0.0013 |{-0.,0025 |-0.0008 |-0,0028
Normal -,0028 | -.,o0bk | -,0023 | -,00k9 | -,0010 | -,0043
Ilon.g had 00035 - 50100 - OOlLI- - 00087 baal } 0003 - '008,+

Ag may be seen, directional stability at Y= 0 decreased in
general with higher blade angle. Since, for a given tail length,
the values of an at Cp = 0 are almost ocqual, this decrease in

gtabllity appears to be due to the vertical-tail stall occurring at
-smaller yaw angles in the positive yaw range bocause of greeter
twist of the slipstream. Exsmination of the curves indicatcs that
increasing tall length pledced the tail nearcr the edge of the
displaced slipstream so that the vertical tall effectively pessed
- out of the sllpstresm between 0° and 5° yaw on thoe long fuselage
with B > 15°,
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The value of Cn-\p at Cn = 0 1s probasbly a better indication

of the directional stability under trim conditions than is the value
of Cn\Lf at ¥ = 0. Values of Cn\l, at Cp =0 increassed with tail

length and were relatively unaffected by changes in blade angle.

Effective dihedral.- The slopes of the rolling-moment curves
between -5° and 5° yaw were measured on figures lh(b), 15(v),
and 16(b) to determine how effective dihedral varied with blade
angle. For the short fumelage the rolling-moment curves were very
nearly parallel, For the normal and long tails the slopes of the
rolling-moment curves, however, remained constant for blade angles
of 15° and 25° and decreased _for the blade angle of 35°, The decrease

amounted %o not more than 2;—' effoctive dihodral, based on the

asgunption that a valus of CZq, of 0.0002 1is equivalent to 1°

effective dihedral, Thils decrease for the long tail indicates that
the tall was near the edge of the displaced slipstream, which agrees
with the conclusion reached from the yawing-moment curves.

Lateral force.- The tests showed that the lateral-force
parameter CYW near zero yaw for the tail-off curves (figs. 1lu{a)

15(a), and 16(a)) increased with blade angle and tail length, as
would normally be expected. Changing the blade angle had a negligible
effect on CYq; for the tail-on tests. Apparently the lncrease in

the side-force variation with yaw produced by propeller operation at
higher blade anglos was canceled by a greater rate of change of
sldewash with yew at higher bladc aungles,

R -free characteristics.- Fram the data of figures 1i(c),
15(c), and 16(c) the value of Cp at zero yaw can be soon to

increase nonlinearly with blade angle or torque coefficient. No
consistent variation is apparent between angle of yaw at which
ruddeor lock occurred and blade angle, torque coefficient, or yawing
moment at zero yaw. Thils inconsistency indicates that, in order

to predict rudder lock for a full-scale alrplanc from wind-itunnel
data, tests of the wind-tunnel model should be mado under conditions
corresponding to the thrust-torque relstlionshin of the full-scale
airplane. An atbempt should also be made to roproduce the full-
scale thrust-coefficient and torque-coefficient distridbution along
the blade slthough, in general, small changes in the distribution
shovld have only secondary effects on tho results,

Effect of rudder tab.- Comparison of the yawing-moment curves
of rudder-free tests for two rudder-tab settings on the model with
normal fuselage (figs. 15(c)} and 15(d)) shows that a large positive
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tab setting vas insuffilcient for trim and that it had a relatively

small and inconsistent effect in increasing the negative angle of T
yaw at which rudder lock occurred. A large tab would have more

effect on trim and might have more sffect on the angle of yaw at

which rudder lock occurrsd.

CONCLUSIONS

The results of wind-tunnel tests of a single-engine low-wing
airplane model equlpped with & single-rotating prope]ler indicated
the following conclusions:

1. Values, at zero pitch and yaw with flaps retracted, of
lateral -force and yawing-moment coefficlents contributed by the
tail and of rolling-moment coefficients may be estimated with B
reasbnable accuracy from calculations of slipstream cherecteristics .
except in cases in which the vertical tail is very near the edge of
the displaced slipstrean.

2. The slope of the yawlng-moment curve near zero yaw decreaseld
a8 the propeller blade angle increased probably becausge of the
lateral displacement of the slipstream. The slope of the yawing-
moment curve neer zero vawing moment (probably a better indication
of directional stebility) increased with increasing tail length >
end wag relatively unaffected by changes in blade angle. - -

3. Tn general, the effective dihedral was the samé for blade
angles of 150 and 25° and decreased for a blade setting of 35°.

4. Tail-off tests showed an increase in the slope of the
lateral-forcs curve with incrsased blade angle and tail length.

5. Yawing-moment curves of rudder-free tests indicated the
necessity of using full-scale thrust-torgue relationships on models
uged in wind-tunnel tests for determining the angle of yaw at which
rudder lock will occur.

6. Rudder-tsb setting had a small offect on the angle of yaw
at which ruddsr lock occurred for the normsl fusslage and the
effect was not consistent for the Aifferent values of blade setting,

Langley Memorial Asronsutical Lsboratory
National Advisory Committee for Aeronautlics
langley Field, Va., July 16, 1946 : .
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MODEL WING AWD TATL-SURFACE DATA

Horizontal Verticzl

Wing tell tall
Area, sg £t . .+ . v . . . . 0. .. 9,00 2.15 €1.25
Span, £t . . « « . 4 s 40 s s 4 .« o [.509 3.33 1.335
Aspect ratio . ... .. .. ... .6.00 5.16 1.30
Taper rabtio . . . e o o 0 2,00 cmcemmcree cemeicceas
Dihedrsl of chord plane 5 d.eg.
Inboard panel . . .. . . . .. . =0.73 0 ceeeeeeee.
Outboard panel . . . . . .« 175 0  eemmmmeea
Sweepback, guarter-chord line R cleg R el T T PR
Root msection . . . .+« . ¢« . v« . « HACA NACA NACA
66,2-216 €4,2-015 €h,2-015
(mod*fied) (modified)
Break mection . . « v « ¢« ¢ 4 o ¢ o » NACA  covmmcmccn comccmcna-
66,2-216
Tipeection . « v v v ¢ 4 « ¢« « « . » NACA NACA NACA
66,2-216 64,2-012 6k4,2-012
(Eod_fied) (modified)
bAnc,le of lncidence &t root, deg ., . 0 = cecmccccce  cacmccen-a
bingle of incidence st break, 30g . » 0  eemmmmmees  cccemcceeo
bAn@le of Incidence at tip, deg « .+ . 0 = cocncccmen ccamcmacna-
Mean merodynsmic chord, £t . . . . . 1.31 0.68 1.03
Root chord, f4 . . ... ., .. .. . 1,68 0.84 1.3
Theoretical tip chord, f£ . . . . . . 0.3k 0.kt 0.59

aInclwies no dorsal-fin aresa,

bAng;Le of incidence mezsured with respect to thrust line,

NATTIONAL ADVISORY

COMMILTEE FOR AERCNAUTICS
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TABLE ITI

MODEL CONTROL-SURFACE DATA

Arsa,  behind hinge line, asg 4

Balance area, mq Tt

Root-mean~square chord, behind

hinge Iine, %

Digtance to hinge line from

normal ¢.g., £t
Cantrol deflection,

e« 5 p =

L . .« L] . -

deg

Trim-tab area, sq £t . .

Tab deflection, deg

Elevators Rudder
« . 0.592 —- 0.371
. . 0.158 0.102
.. 0,198 0.32
. . 3.56 ; 3.68
30 up, 20 down 30 right, 30 left
. . 00,0012 . 0.000653
. *i5 +23

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA TN No. 1146 . Fig. la

Dihearal of ¢ ane:
board fanek_ \73°
, Outboard panel=7.75

Diam. =272

NATIONAL ADVISORY

c.g./location 0.282¢" COMMITTEE FOR AERONAUTICS

ond 0.072 ¢’ below :
Fhrust iine _—
0202 VA /2.03

: _ i

4294 o5 ¢,

400 —| l/8.32

(a}) Short tail,

Figure 1.~ Drawings of the single-engine airplane model .
showing the three tail lengths,(All dimensions are in

inches.)



Fig. 1b NACA TN No. 1146
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{b) Normal tail., —

Figure l.- Continued.
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(c) Long tail.

Figure 1.- Concluded.
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Fig. 2 - : NACA TN No. 1146
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M

-ﬁ
Relative wind

* Z - B

Figure 2 .- System of akes and control-surface hinge moments
and deflections. Positive values of forces, moments, and
angles atre indicated by arrows. Positive values of tab
hinge moments and deflections are in the same directions
as the positive values for the control surfacdes to which
the tabs are attached. '



NACA TN No. 1146 Fig. 3a-¢

ly = 0.659
b .
Figure 3.- Photographs of the single-engine
alirplane model showing the three tall
lengths tested.

(e) Long, tail.



NACA TN No. 1146 Fig. 4a
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Figure 4.- Isolated vertical tail of the single~engine
low-wing fighter model. (All dlmen51ons are in inches
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(b} Test setup. : - -

Figure 4.- Concluded.
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NACA TN No. 1146 Fig.
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Ang/e of attack,a , deg

Figure 9 -Blade section lift and drag curves for
the propeller vused on the single-engine low-wing
fighter model. £Estimated from _references 8_to
10 ;, overage blade section Reynolds number;
350,000 (approx).
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NACA TN No. 1146 Fig. 11
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NACA TN No. 1146 __ Fig, 13 .
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re 13 .- Comparison of force and moment
Fgv ecoeff/c/en'z‘os from tests and computartions.
=0°% & =0°(approxh

Yawing -moment coefficient dve to the tail , C’,,t
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NACA TN No. 1146 : Fig. 15b
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Figure I5- Concluded.
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NACA TN No. 1146
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Fig, lge NACA TN No. 1146
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Rudder deflection ,d,, dey
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(c) Concluded,
Figure /6 ~Con clvded.
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